Metabolic disorders in animals are one of the most important problems in modern cattle production. The paper presents results characterising the functional state of the liver in dairy cows with clinical ketosis. The study was conducted on 17 Holstein cows (9 of them were clinically healthy with negative test for ketone bodies in urine and 8 with positive test) in their second to fourth lactation with milk yield above 8,000 kg per previous lactation. Conducted research has shown that cows affected with ketosis, had hypoglycaemia, dysproteinaemia, hypoalbuminaemia, increased liver enzymes and higher blood content of aromatic and sulfur-containing amino acids. Herewith the activity of cholinesterase and phospholipids were decreased. Albumins-globulins ratio and esterified to total cholesterol ratio was decreased in conditions associated with liver pathology due to clinical ketosis. Sick cows had signs of secondary osteodystrophy. Obtained results allowed us concluding that dairy cows ketosis caused significant changes in structural and functional state of liver, associated with abnormalities in of serum proteins synthesis, disturbed metabolism of amino acids, lipids and calcium.
INTRODUCTION
In all countries with extensive development of dairy cattle breeding, metabolic disorders are among the major obstacles to increase in milk yields. These diseases cause significant economic losses in the sphere of breeding because of lower calfcrop underproduction of milk, rise of production costs and decreased profitability of dairy cattle breeding (Ferguson, 2001) . Analysis of some statistical data (Ferguson, 2001; Geishauser et al., 2001; Levchenko & Sahniuk, 2002) showed that in high yielding herds 50% of parturient cows suffered from one-two or more diseases. Moreover, ketosis is a polyetiological disease, often complicated by other diseases. Impaired functions of liver, pancreatic gland, other organs are often observed in sick animals (Steen, 2001; Stojević et al., 2005; Loor et al., 2007; Gonzalez & Rosendo, 2013) which may complicate diagnostics and further treatment.
Most commonly ketosis in high yielding cows is accompanied by fatty liver dystrophy (Vlizlo, 1998; Levchenko & Sahniuk, 2002) , particularly in periods of highest energy deficit. If a cow uptakes insufficient quantity of food, the organism uses its own reserves and at first uses fats that decompose to free fatty acids (Mc Art et al., 2013) . With the bloodstream they travel to liver and muscles, where they are used as a source of energy. In case when there is insufficient quantity of propionates, which are synthesised in rumen from easily digested carbohydrates, free acids are decomposed to ketone bodies (acetone, β-hydroxybutyric acid and acetoacetic acid) and ketosis develops, or lipid deposits in liver and hepatosteatosis occur (Li et al., 2012; Gonzalez & Rosendo, 2013) . The concentration of ketone bodies in urine or milk, serum concentration of glucose and fat content in milk are among the main laboratory diagnostic parameters of ketosis in dairy cows, which are used by veterinarians in Ukraine. Herewith these parameters may only indirectly indicate on liver pathology.
Our research objective was to determine changes in diagnostic parameters of the functional state of liver in dairy cows with clinical ketosis.
MATERIALS AND METHODS
The study was performed in March on seventeen Holstein cows in their second to fourth lactation with milk yield above 8,000 kg per previous lactation. Animals were kept in similar conditions and received the same diet. Clinical examination of cows was performed and the content of ketone bodies (acetoacetic acid) in urine was detected with diagnostic strips (Ketophan, Pliva). During examination it was revealed that some animals (n=8) were lying up, exhibited quick loss of live weight and yield, and looked depressed, some of them had muscular tremor. The urinalysis indicated presence of ketone bodies. Animals with positive results for ketone bodies in urine were selected into a separate group. Blood samples were withdrawn 2 or 3 weeks after calving from the jugular vein before the morning feeding, in sterile tubes. The levels of glucose, total protein, calcium, total cholesterol, estherified cholesterol and total bilirubin and activities of aspartate aminotransferase, γ-glutamyltransferase, cholinesterase and alkaline phosphatase were determined in blood serum on a biochemical analyser Humalyzer 2000 (Germany). The plasma level of free amino acids was determined on an amino acid analyser Biotronik LC 6001 (Germany). The protein fractions were assayed by protein fractionation in polyacrylamide gel. The content of calcitonin and parathormone in plasma was measured using enzyme multiplied immunoassay and DRG test kits (Germany). The content of triglycerols was assessed colorimetrically (reaction with chromotropic acid), the level of unesterified fatty acids -colorimetrically (reaction with 1,5-diphenylcarbazide). Blood phospholipids were determined using thin layer chromatography.
Results were processed statistically in Excel, presented as arithmetic mean value and standard error of the mean (SEM). The significance of the difference between two groups was calculated.
RESULTS
Conducted laboratory results showed that blood glucose level was significantly lower (by 29.3%; Р<0.01) in ketotic cows in comparison with healthy ones (Fig. 1) . The results of conducted research revealed significant increase of the level of total serum protein (by 13.8%; P<0.001) in newly calved cows with ketosis in comparison with clinically healthy cows (Table 1) . Dysproteinaemia in ketotic cows was characterised by reduction of albumin content (by 30.8%; P<0.01) and increased alpha-globulins (by 35.1%; P<0.01), beta-globulins (by 38.9%; P<0.001) and gamma-globulins (by 38.1%; P<0.001) in blood serum. The albuminglobulin ratio decreased up to 0.4 in sick animals in comparison with 0.94 in healthy ones.
The analysis investigation of plasma amino acid content in sick cows revealed significant increase in phenylalanine (by 18.5%; P˂0.05), tryptophan (by 32.0%; P˂0.01) and methionine (by 30.6%; P˂0.01) concentrations (Table 1 ).
The total serum bilirubin level in cows affected with ketosis was 4-fold higher in comparison with healthy animals (Fig. 2) .
Conducted study showed ( Table 2 ) significant distinctions of serum enzymes activities between healthy and ketotic cows. In particular, activity of aspartate aminotransferase (AST) was significantly (P˂0.001) higher (2.5-fold). Moreover, activity of AST exceeded the upper physiological limit in 85.4% of studied sick animals. Also, serum activity of gamma-glutamyl transferase (GGT) was increased in more than 87% of animals. Serum activity of cholinesterase in ketotic dairy cows was significantly decreased by 41.3% (P˂0.001) in comparison with clinically healthy animals. Moreover, activity of this enzyme in 82% of animals with signs of ketosis was under the lower physiological range. Laboratory examination showed a significant increase (by 29.1%; Р˂0.001; Table 2 ) of serum alkaline phosphatase activity in ketotic cows.
Total calcium content in serum of ketotic cows was by 18.2% lower (P˂0.001) (Fig. 3) . It was accompanied by Conducted examination of lipid metabolism parameters in blood revealed a range of distinctions between sick and healthy cows. In particular, significantly higher (3-fold; P˂0.01) contents of triglycerols and unesterified (free) fatty acids (by 36.4%; P˂0.001; Table 3 ) were observed. Total cholesterol content was also increased (by 46%; P˂0.01). No significant changes in the level of esterified cholesterol were observed. Serum phospholipids content in cows affected with ketosis was significantly lower in comparison with clinically healthy animals (by 43.8%; P˂0.05; Table 3 ).
DISCUSSION
Hypoglycaemia in ketotic cows is considered as a result of discrepancy between energy supply with food and glucose requirements for metabolic processes and milk production. The mammary gland requires a significant quantity of glucose, predominantly used for synthesis of lactose during the lactation, particularly on its beginning. Moreover, as calving approaches, the blood level of progesterone is decreasing, whilst the oestrogen content remains high or even increases (Grummer, 1995) . High blood oestrogen levels in cows is a principal regulator decreasing the appetite (Grummer, 1993) .
Hypoalbuminaemia in cows is due to development of ketosis and gives evidence of hepatic function disorders, particularly impaired ability to synthesise serum albumin (Farag & Metwally, 2012 commonly, ketosis in high-yielding cows is accompanied with fat liver dystrophy (Hutjens & Peirce, 2005) . Increased blood content of aromatic and sulfur-containing amino acids also indicated disturbed functional state of liver. Phenylalanine, tryptophan, tyrosine and methionine belong to these groups of amino acids. The reason for increased content of these amino acids may be liver impairment, leading to lower concentration of intracellular enzymes in hepatocytes (which inactivate mentioned amino acids). Disturbances in degradation of aromatic and sulfur-containing amino acids result in excessive endotoxin formation, namely phenol, mercaptan, indole, which leads to further intensification of the pathological process (D'Mello, 2003) . Nevertheless, increased methionine content has also its advantages, since this amino acid plays a significant role in the antioxidant defense system. The potent antioxidant effect of methionine is explained with the rich sulphur content, which inactivates free radicals, and increases lipids utilisation, preventing their deposition in liver and vascular walls. Synthesis of taurine and cysteine, a precursor of glutathione, depends on the level of methionine (Chen & Dickman, 2005; Erdmann et al., 2005; El-Hattab et al., 2012) . Elevated activity of transaminases gives evidence that considerable proportion of cows, affected with ketosis, have destructive liver changes, resulting in an increase of transaminases release from cell organelles into blood. High serum activity of GGT in cows with signs of ketosis indicates on engorgement in hepatobiliary system. GGT catalyses the trans- fer of the glutamyl group and gammaglutamyl peptide to the acceptor peptide or amino acid. This enzyme has the highest activity in kidneys, liver and pancreatic gland, particularly in cells, forming renal tubules and bile ducts (Vlizlo et al., 1997) . In contrast to the activity of transaminases, the serum activity of cholinesterase in ketotic cows was significantly lower in comparison with healthy animals. Cholinesterase is a secretory enzyme, which activates the reaction of decomposition of choline esters (acetylcholine butyrylcholine) to choline and acetic or butyric acid. It is found almost in all tissues, but the highest activity is observed in blood plasma, liver and pancreatic gland. Diagnostic significance of serum cholinesterase is explained by the fact that it is synthesised in hepatocytes and functions in blood. Therefore, in case of liver damage, its activity in blood decreases (Stojević et al., 2005) .
Obtained results on calcium homeostasis status (blood total calcium, calcitonin, parathyroid hormone, alkaline phosphatase) in cows affected with ketosis pointed out on the development of secondary osteodystrophy in animals. Hypocalcaemia in sick cows might be caused by disorders of vitamin D metabolism due to damage of organs, involved in its metabolism (liver, kidneys) (Walsh et al., 2007; Vlizlo, 1998) . This is confirmed by the results from determination of alkaline phosphatase activity, which was significantly higher in cows with ketosis in comparison with healthy animals. Moreover, decreased total calcium content occurred due to activation of compensatory reactions, directed on reduction of the concentration of acidic metabolic products. Thus, binding of cations and acids takes place and they are excreted with urine in the form of organic acids, hydrogen phosphates and calcium phosphate (Vlizlo et al., 2011) . Under conditions of hypocalcaemia systemic compensatory mechanisms, enhancing restoration of the normal level of calcium in blood are activated. In particular, we have revealed a significantly higher blood level of parathormone and reduced level of calcitonin.
The excessive liberation of fatty acids promotes the formation of ketone bodies and cholesterol. Their concentration in blood plasma is associated with energy supply of animal organism and characterises the activity of lipolysis, their mobilisation from fat depot. Therefore, in case of inadequate systemic energy supply, activation of lipolysis occurs and the level of free fatty acids increases (González et al., 2011) .
Concentration of cholesterol in blood serum depends on the state of liver (Sevinç et al., 2003) . Increased blood serum cholesterol concentration (hypercholesterinaemia) may be associated with activation of lipogenesis and gluconeogenesis, formation of intermediate products, which might be used for synthesis of endogenous cholesterol (Lean & De Garis, 2011) . Also, it is noteworthy that the esterified/total cholesterol ratio decreased from 0.68 in healthy animals up to 0.34 in ketotic ones. The decrease in this index is an unfavourable prognostic sign, because it indicates significant injury of hepatocytes and impairment of their synthetic ability.
One of the causes of disorders in phospholipids synthesis is fat liver dystrophy, which is often associated with and caused ketosis (Vlizlo, 1998) . The major part of phospholipids is used in liver for physiologic reparation processes, but a certain portion is transported to different organs and tissues through blood circulation (Gruffat et al., 1996) . Lipotropic substances, which donate methyl groups directly participating in synthetic processes (choline, serine, methionine) or substances which promote synthesis (cyanocobalamine) are required for synthesis of phospholipids. Choline together with triacylglycerols forms choline phosphatides (lecithin), providing a permanent lipid outflow from liver to bloodstream and preventing the risk of liver fat dystrophy. With insufficient quantity of lipotropic substances in liver, neutral fats accumulate there and the quantity of glycogen decreases. At this the size of hepatocytes increases, cell membranes rupture and big steatocystomas appear. If the process progresses, connective tissue develops and gradually substitutes fat, leading to diffuse fibrosis. Hypoxia, which accompanies anaemia, cardiovascular or respiratory insufficiency, also contributes to disturbed phospholipids synthesis, inasmuch as due to hypoxia, deficit of energy (needed for lecithin synthesis) occurs and lipid metabolism is directed for synthesis of triacylglycerols. Disorders of phospholipid synthesis during hepatocyte injury are dependent not only on the deficiency of lipotropic substances, but also on the insufficient formation of ATP, the source of energy for synthetic processes, in liver cells (Lieberman et al., 2007; Contreras et al., 2010) .
Summarising all abovementioned, we may conclude that the development of ketosis in dairy cows causes significant changes of functional state of liver, associated with disorders of synthesis of serum proteins (hypoalbuminaemia) and disturbance of metabolism of amino acids, lipids and calcium. Herewith the activity of indicator liver enzymes in serum significantly increases, indicating destructive changes. In case of liver pathology, caused by clinical ketosis, albumin to globulin ratio and esterified to total cholesterol ratio are decreased.
